Large deletions (>50bp) occur in a minority of hemophilia B (HB) patients. From 2891 patients reported in the HB database to date (www.kcl.ac.uk/ip/petergreen/ haemBdatabase.html) 91 are major deletions and approximately half of these are deletions encompassing all the exons of the F9 gene. Deletions in a HB patient can be detected by lack of amplification of specific exons or by non-inheritance of marker alleles of the family. However, if a complete deletion of F9 gene is detected, the definition of hemizygous females constitutes a challenge.
Large deletions (>50bp) occur in a minority of hemophilia B (HB) patients. From 2891 patients reported in the HB database to date (www.kcl.ac.uk/ip/petergreen/ haemBdatabase.html) 91 are major deletions and approximately half of these are deletions encompassing all the exons of the F9 gene. Deletions in a HB patient can be detected by lack of amplification of specific exons or by non-inheritance of marker alleles of the family. However, if a complete deletion of F9 gene is detected, the definition of hemizygous females constitutes a challenge.
We present an isolated case of severe HB with an approximately 2 Mb genomic deletion with complete loss of the F9 gene and neighbor genes. The pedigree of the family is shown in Figure 1 . The patient is a 22-year old male with severe HB. He developed low-response permanent inhibitors. At 5 months he presented seizures and at age 4 he was diagnosed with autism. At present he is mentally handicapped. His mother and two sisters requested carrier diagnosis. The marker analysis 1 ( Figure  1 ) revealed the absence of the corresponding bands in the probandus II-1 and apparently, homozygozity in the mother I-2. His sister II-2 only inherited the paternal haplotype without markers of maternal origin. The sister II-3 was heterozygous for different markers demonstrating the inheritance of the paternal and maternal haplotypes. In the patient, attempts to amplify the exons of the F9 gene 2 for sequencing purposes proved unsuccessful. However, the patient did amplify one of the DXS52 alleles from the mother (Figure 1 ). In view of these results, the diagnosis of a big deletion encompassing the F9 gene was made. The employment of markers DXS1192 (situated 1cM proximal) and DXS1205 (situated 4.3 cM distal) flanking the F9 gene 3 yielded results identical to those of the intragenic markers, indicating that the deletion spanned beyond the F9 gene. It was assumed that the mother I-2 and the sister II-2 were most likely carriers of the whole deletion and that the sister II-3 was not a carrier. To confirm the foregoing, a further quantitative examination was performed. We designed an experiment to discriminate between one or two copies of exons 1 and 6 of the F9 gene employing a Real Time PCR. The exon 1 of the F9 gene was amplified by the forward 1-F GGGAGATGGACATTATTTCCC primer and the reverse 1-R GTGAAGAAGACAGCATCAGAT primer (262 bp). The exon 6 was amplified with the forward 6-F GCCAATGAGAAATATCAGG primer and the reverse 6-R CCAGTTTTGACACACCATC primer (279 bp). PCR was performed as previously described 4 with minor modifications (protocols available on request). We diluted to 7.5, 5, 2.5, and 1.25 ng/µL of DNA external standards that carry two F9 copies each dilution corresponding to 3, 2, 1, and 0.5 fictive copies of F9. All standards were used to calculate the regression curve. Given that all exons of the F9 gene were deleted, we analysed exon 23 of the F8 gene 4 as an external reference to determine the ratios of the deleted versus non-deleted gene (Table 1) . Sample concentrations were inferred from the regression curve in each experiment. All samples were measured twice by using independent DNA dilutions of 5 ng/µL.
Carrier diagnosis of gross deletions involving one or more exons along the F9 gene has been resolved by marker analysis to track the X-chromosome bearing the F9 deletion. However, the occurrence of a complete deletion may constitute a limitation on this approach. Moreover, isolated cases, uninformative markers and unavailable clue family members may complicate the diagnostic scenario. Our patient lacked the 7 markers analysed whereas the mother was apparently homozygous for all of them. One of the sisters inherited only the paternal alleles and the other inherited both the paternal and maternal alleles. Therefore, marker analysis was Figure 1 . Pedigree of the family reported. NC: non carrier. The haplotypes were obtained from several microsatellite markers: DdeI in intron 1; XmnI in intron 3, TaqI in intron 4, MnlI in exon 6 and HhaI at the 3´ end of the gene. To localize the end point of the deletion of the F9 gene we also used DXS1192 and DXS1205 flanking the F9 gene. The DXS52 locus (St14 marker) adjacent to the factor F8 gene in Xq28 was employed to determine the segregation of the X chromosome in the family. 
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helpful to indicate that a complete deletion was present in the patient and that the mother and one of his sisters were carriers. The real time quantitative PCR approach by LightCycler methodology is a major tool to confirm carrier diagnostic situations 4,5 as in the family reported here. To study the complete deletion of the F9 in our patient, we designed two primer sets (exon 1 and 6) to determine the exon copy number for comparison with an external standard curve. Furthermore, we chose the exon 23 of the F8 gene as an external reference exon 4 to corroborate the results. A second external reference of the Xchromosome, i.e. the dystrophin gene at the DMD locus 6 in Xp21 can be employed when F9 markers are uninformative. The method was validated in HB with the analysis of controls and members of the family under study.
Our patient has a deletion encompassing at least 2Mbp between F9 flanking markers DXS1192 and DXS1205. A number of genes such as MCF2 (a transforming gene member of a GDP-GTP exchange factors), CDR1 (cerebellar degeneration-related autoantigen 1) and SOX3 (a transcription factor involved in neural development) are included in this deleted region. The absence of one or more of these genes may justify the mental impairment observed in our patient. Interestingly, a male patient with HB and mental retardation with a 1.5Mbp deletion, which included the F9 and SOX3 genes, has been reported. 7 Furthermore, SOX3 has been involved in X-linked mental retardation with growth hormone deficiency.
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On the other hand, HB patients with a deletion of the transforming gene MCF2 and with no evidence of a neoplastic process or other clinical manifestations have been described.
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In conclusion, we performed an accurate HB carrier diagnosis in this family using traditional markers and a rapid, simple and robust quantitative Real Time assay. Both methods are warranted to overcome the carrier diagnosis of deletions. Moreover, genetic counselling in the HB carriers of this family should also consider the high-risk occurrence for autism-mental retardation in the descendants.
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